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llIIaII E. Nrunma, Andrrw V. Nttbak, nmd Ihsnnit Il. liIll

[.llh ~lamllh !+l.irllllflr [.ahllratllly

LIIh Ala-m, Nw HIIXICII 87545

lh’ damJRr rrklntamr 01 IMIII ~urlatrs md Lhr hulk inlrl lot III NJCI
;111{1K(:1 WlllllllUh Wah N,dnllllwl blkh m mliitrl-pmlhr C112 ‘a*rr d! Io.1) Im.

]’dIJBI’lIlf’ hlUdlFN With 1.7-llfi plhl-ti lIIillr-ld thdt al~hl}rbd Wdll’1 -d~
pImlIFIIly 1]11. limllim~ amrnl cm ❑mriatr thrraholdn im •~trrrnl with prt.-

VIIIII* Hlmllrp al long pularwsdlll~, ~r-i-aurfilr lhrr~h(,ldh up III ) .l/rM~
WIII ■rahlllrd fuI pIIIRllIId NJi”l wlmdowh, uhrrra~ KcI fillIfdIrII damil~rd dt

IIIIIIIIIRImJltIlV 60Z [II IhIk IFVI.I. l’l!r I,lpah,l,lwll I.lrrllll-flvlli thIrhtllllllh
III I,XII fiUIf,ILpM wl.rr omiy wr~ IIf Ihr vdlur III llIr luIlk mdtri I,IIK. TIII,
llllihl-~ldltl III,[VIIIIVIIIII Ill hll Ii Jlli dd=,l~li fl(lm I t,) h’1 Ill. , Ill tl”lUh 11[ 11111-

111,111 I,lhttl flulwr. 1111it,.isrtl .Ih I ‘~~’.

Krv WIIIII!.- Alk.ill Ihilldrh; (’llf laarl: kl”l; Iiihrl ddm.IKP; l.IhPI Iul. llul; tilll”l ; 11,1111,!.1.llilll:
],lll! .1.; I.1111.l(r Il,lm.lgv,

1. I Ill I !Idlll I 1111,

L. IIEIS II IiImIIlr I K.11’I wimilcwh mr unril t.xlrn~lvf,lv III lhf, l“ll:. .lmllllfl~-rh .I:III I.IIKVI
I h. ImlIr I t. I I I t r III* I II I. ( III k.1 I .IIIII AIII .l~r:. (1111~ k], pII~IWIIIdl Iu!.11111 I.r%I-I!. III l.IIh A1.iml,’
:.1 Ivlll I I 11 1,.llltll,lll,lv IIASI ). filllcf- thl”ht’ itil~tc WlllFhIWS [~h-lM ,11.11111”11”1, N. ’l-lm Itllck)
It~lIIIv.l, IIt A f.lfl%ltllr 11111111,11 {If Itlr I ill, t Ilf tllll 1[1111~ 41111 m,lllli,lllllll~ ttll~hts 1,11,iclh, II 1$

Imlll’1.11 Ivl- 111.11 lilt-y h.lVr M.l Iil HIM 11111It ill Ild=.lwf, Ifs% lhldlll 1“. III 1111. V8PI. I Imrnl ill f.lmIl, Ii:.

Ill Ill. Irpllld 11011,111, W. 11.lvr r~.lrnlnr, t hmmr III lhr ■,IICII I,Ii aIIIi l,lhr I llaldmt~lv! % 111,11
.1! Ii”l I I tllm hill 1,11 ,. ,11111hulk d.lm,l~t. III k,ll I [,111,1 Nl”l ) f!il htllll I [~ I II!. I Illllhl. h ,11 111.11 Im.

Al lilt ]il/~ l.,l%ri [IJHI,IEF :,VMllllhlllM, Ki!vnlrv allil lfll~lll IFIV [ I 1’ Illr-.l.lllt”ll fillb!Ilnll! 1.11
Imhlllml l=!-ll’.ll PVllblll to 111,11 ,Idh!lltllmll Il:mil Ih 1111- I I=lt IIIK IIntclli {111 itlP f 11,11! - hill 1.11 t’ ( f h )

I.lm.lp= Illlrfmhlllll!! 1,1 N,l”l Ullldllwk. lIIVV 9111~lwIlic’11 ItIt- hVlll, ttlPnlh ttl.11 !hlh hlllf,llfc I,IVFI
III W.lttml !.1 l,!ll~:~ ,I:lhl,lll[, 1111- (“11/ 1,4,11,41 1,111 ( l[).l lb-i 41 Ill II p [.’1 1, 1111111111IllJl ii l.lpllllv
t.hll,llltllll~ V,llllll flllllt Wh.ltI, WtlWII a hllffll lFlltlV IIIW lbllf.11~ Ih It%lltll,ll, #llUWh rlFlllll

flrld Itltwk,l,, vti flh !Irht I lt.ril IIV Ihr lam IIIJl l’.I%hFII Illlvr l’tll,ll t.lll,rll~lllh Wltlr 1.11! If=!!
IMII WIIII TI.A I’II:. 11111111pmlhrb IIAVIIIK a iIIHII Ir,lttimu pr,ik Itf 11111 :111) ,1% ,Il,l,li !.11 [s1’,11 11!,

11~.rllmrl ●nd .4 IISIIK I.Ill II. l% Ilh) !lull,lllllll~ Illr m.rlml Ily III Illr plllnr rllrl~v AII.11,
ihtsll h!lldll”h WtsltI ltll ttli” rlll .,llllr %Illt#c F, *1111- pulbrwl IlflI!. cII Illlrlrf. f III l. If. tIl flI’. Im
dlr ● 111II htlll! Irl , ● i Ilh, wt. I 111111111Irll 4 krl irh 911 htlll I I 11111%1,Pxlll.1 lmrlll % 1111rnll !.1111,11 1.!.
Ilhr mii~l +u$trl.1 11,11. III rdl Iv l~Ilm II,) tII drlrlmlur II adk,,llw,l k,llvl Ih ,11!.1, lhr III Im,Ilv

,l~r-lli lIf hill l-l F &lm,l~P 1~11 Iht h- { 11111111Iilllh . lbhr mlr &%iIll,ril Ill ht’1 111,11 ‘1

!il III w hill f d! t. d#m,IRfI pit. I I.1111% 1111I k dsmw~r I II Hal I WIlldllw% , WI. h.l Vc- a I ‘. II rl.lc!r m I nl r

[III !,.MI,.11 l!, tsll CI[ Ihr hmlk AIIII hill [A II- Illlo,hht!ltl% III I IV I Ialh {IIIM fi,lll pIIIm IIIImlIl ● ,lflll
1,11 Illlrl% 111 1111.1111Ilv 1111. Illllrlrlltc. Jllll lrilltl Illiw ●litll plllrvll 1.11 Implllvr,mt.llt m.lv Ilr
p,l%!.ll!lt. Imw.1 pIPhf. mi tv Il%tsll lllltlhhlll~ ~itlc~ll!. Ib”.r 1,.%1111.. ,11111a d15t11.. hl19ll AIr $Ivl.11
Ill firl I 11111(1

AI. rmlli V ● % l{l’h, ::1.llh alnl HPIIIW.11 I II Illmplrd lb d,lm.lpr Ir. .l, .l -111 c. 1,1 11.11!.ll Ah
l’,,l\,l I.111 kl I dIIIl N.11 I wln.li, b hUlt A1rh llblm~ I II.. lnllhr~ 111,, V m,”4hlliril 4 llIIrIIIF 1,11 I,, ,11
II ‘s III IA V,II ill N,OI I in !Iw lIm\l Ilvr Vrml. , Ii ~.\,rl , h IKIII I Iu .9111 all V.1111U--- Ill li, r 11.1 h
111,11.~1’ ill 1 IV% I .11 EI,IWI II nllll hill 1.11 r Il[il lhhlll~ l,! ,11F%I,c... 11.lvr I.ll IIIIA Whllh hu~~r%tlwl a
Ire-b .IIIII mc,ft, FICl C,IIXIVr IIImlI,II ihi, tl CII KI” I dlIIi hII I lhIt. I.tIIIIIl< Illc...l. Io”..lll l,. JII,IM..*I Ill
9.1,, I 1,,11 j

I
I Iulllr% III 111.aibrl.. lmdltnlr 1111, lIIIstfilll II. Iwlrtrn!r.m n! 1111. I Id ,~1 I Ill% 1,.11,1.1



Finally, in :.r CL ICIII R WI, prrsrrrt our rrkults fur thin II IIlrirw~dtlI tlrlIrndt, II(o (I1 rxit -

surface dama~r frrr Na(:l and Kc1 winriowfi .

2. [)rsrript ImI 0! “TII*I Spfv I 111..II!.

Trst fiprrirnrns U! N.I’”1 anti KC I wrrr sIIplIIIrd I)y four I,rnminrnt fiour(t.s nf l,ipll -

qm+lily I: rryhtdls: Ilarulhlw Chrmit’nl Company in Solnm, (Jllin (10 N.IC1, “1 Kl:]), Ndv.11

Ifwirarrtl I.tltmratory (NW) in W+hhillgtnn, b.11. (1 N;ICI, 1 Ml), llIIgl191K Itc.firiirlll LiIfmIJ -
Lorivs (l[KI.) in H;IIIIIu, blilnrnln (1 NJCI, I KCI), and Willimu Frrdrrlrkri at (lrrunn SI.11,
Hmivrrslty (OS1’) in Cf, rvilllis (2 N.ICI). TIII, d,,tnil~ nl thrkr ~prrlmrn~ iIrII 1 i610d ill
I:lhlr 1. T(I t)t,l;llll a Rufficlrlltly IOIIR ~]iltl] 11.11~111 f(II CIIIItlIIIli IIg lIIIlk-11.IM.Igt, LI,Sl~ III

Illr ltl Ill 11, llhtldb IJIn(l(lv!i, (W II IIIIIII inl~rlf. rrnrr from con(.urrrnl fronl-suri,l(l, di, md:w, ) lIIIC
pr. rimrlrr III J, frw II,lrsll,lw wlmlfIwh wrlr illHII pt,lisllf.(1 !I,I1 Alht,, Lwt) of It]r illr+i,,ib

KIII,IIMF W1’lr Itl!l’1 1“11’ilW’11 In ,111 It, ill low a dllort romlhlritif,n nl I If,,tvi, tl ,111,1 ],,1 I!:tl,.tl
hllrl.l(r ttlrrhll(ll(l%.

Iillllr 1. 111,KI Ilptinn of N,i[’1 und K(”1 tt,st tiprt, ImIriIti

!iu~yl il,l (; I,W! II 14.(1111111111. l“rykl,llllnv hldtf. Slirf,l[(, *1.111.

11,11:.tl.lb s(,l,,hl,dl~,ll :. , Ilklr ],,,11s111,11 h’1 111

,11111Kyl(lplllll il.% [). I

Illil, (’Z,II Il),llxkl k;ll~il, tid(”l l),, I

t I’l’lq h,\l’ [Ll~l”l!/llillyiti .!I-K1”I o. 1

Ii{ 1

Niil. (rllllll. ll!;kl h,ll~ll, 111,1
~ 1“( 1, R,\l’ (1.1

~ml l. IIItlI. A

htl(-,l

Ilm 1.111111, ,1

1.111,-K( I

!illl, il

11111l, III,lr A

[):;1: . lull -,MI 11.lllyl, lilll~lf, I Ir.lvl,il

\ I:xlv,t IMMOIII.11 AppJIiIInh Jnil l’IIItr II II II,

I’111( kl,,,:.,.

10 ml

‘1’1 Rml

[..,..1.1 pill!.vh Ill I i 11!. Ill t,’, 11!. (KWHI Ill Ill ‘,11 Iml 11’- .’01 W,’lr f’mlll~’,1 tt, un J M,IIII
P.bllt III*,I I l~;l II!.I I I I-III*I /(lI,IIl,lr.-lI.I..\ ,Iml!l I I IrI III l,A!il.’:. II IF. IWJII 11,!.1 I.llllllv. 1111,.
1.1!.1.1 pll, vlllvll ml ..IIIXII.- It.tlr.llllfllli,tl m,,rlv, !.IIIVIC. I Ill!., .11111~olll ,!. 1,111 I.1,.11 1.11 1,1111 1 11,
!lllll! 111 I-v, Iv .’1) %1., ,111,1,. blllt II W,l,, 1,11.,11 1,11 Illrhr f.lll~lr. .!.lllll IF-I :.llr I 1-1111 1) 1 (,,.1:..
‘Itlr : 111111 pllh r!. W,* II. I.1 1,,.81 1,1,1 ,,1 I 1,,. f,*, .!, !, ,,<, I I 1,11,,1 1.MI%!, I,911 Ilv 11!,1. ,!1 ,, ,1,,111!1,.

1’111Irl.1 11.1 l/ f.ll,llh y II .11 l.lll~tvnrllt A!. II Iu:.ll, ilrtl ill II EIIII. 1, 1111. It,ml.i, t,ll I.11,1111, III

I Ilr,. r !.ll, ,1 I 1,11I !.l, !. W.1% .l%VIIMIWI I I I [ 111(1 11!. 1 I!. rl Ilnr, 1,’I II,. I.tlil lint. , III 1111’i, lr\, rl! } A
1.111 Iv I.IIXP In:. t,l. I,r,lm hlIIIl *IZ1,, i.nm I,l,lillk al Illr l/r;’ irvt,l , MmI!. II .r,l ,mII 1111. m.lla,l ilv

1.1 Illr. !.llll ,11,, !Illc. hlll,lll 1,. !.1%, !I,IIIII III.:. VIOII. I,l,ilril ,1111..I, I .,1 III!. [Ill II!, ill d I.m 1 ,!
1,1.11111 I Illlvf. n Ic.ll!, 11 . I 11,.1,1. 1(.,.1 !, IIBI Ib.Ir lib a,,mll,lllh,,ll ,,1 I,lllk !11111h II 1,11 1, Illlr!.lll. l,l,l,
, \pl,l .1!1.”1’ Inrlll l!. Ill l). l~i nvll U,I!. Id,l.lltlr,l .11 Ill!, 1(,1 Il.. 1,1 .1 1’1 Im I I 1~.ll!. “1111. :.11,11Ill
,., u,lllr, Iat. a%lllrll IBV.I 111111[ill Iv Ilv 11 plllll!llr. HI ,111, II I* III ,,n Im.11 I’d ,1 u.Iu,. .. I 111 ,ll.l,, mil,l,roll,,. I 11#,
,IIPtXV, lrnqt,. l,nl .I,llt h]l,l! 1,1 I 111.,~llll,:! II t. , Illdllnlrrl Ill ~lgll 1, :, 11.lvr 1,,,1,11 plr, vll,ll,!lv
1,. !.1 1 11,,.,1 [1,1, 411111in himml.11~ ,81 Ilir I.m:nvt Irh! I,nlilmrlrl.. I!. Et\,v.11 III 1,11111, ,

b’.lw I I.11#1 II 1’[ .’11) , Ill ’111 inn, nill~lr m,,,lt. ‘11’1
I’1ll%,. bl,ll l)!, I tII fI’. II.. (VklPll

,,, ,

!ip, !l !.lfr 1,1,1111.. [1 l’, l,, I ~, fro,,

I Ill, I 1; 1.1,11,1118,11 1#(1 1,8 1,11 1.111,.,
1[...1 rll\,ll,,lmw.,j* AIt JI ~,11(1 IiIti I.’.’(M1 mi, !rt.. 011 I

“lilt- I I Illsl 11111 III! hill 1,18 e, ,1.lm.lpl. w,!.. l,l,tm.~llrnl 111:.1111,1 l,,!) !I,lll IIIE III Illt tI,.1..rIl I IYIII
1.1,,11,.1 I Vi!. ,111,, 111,.11,1 1111~111 , I,llllt, 11)!111 Illllml 1 ,1111 Ullh ,1 Wllk ..lt. II,, u mbu 1,11,, I.1,1.
I-. II III I I.It hill lIIt.llhtIlra. ,ii , III fill .II IIM, II IIi. ,,lil. lil MI I,lllk Ilmmly,f, 1,,.11,.1,,1 Iv, 1181111!%11.11}.
Illr,vall,,l 1111. 1,1111, 11,11,,, IB1 Vl+ll,lt. 11.Im.I~v. II,. <I I.m.,11 m.mlr,,,



W.dhlirrmrnl,, Of thr t.xit-burlsrr aIId bulk -thrrshnltfswt. rp sat.isfaclorily cmIdurlt,d in

1111 rdtllrr tli~n in tlIr vacuum rnvirunmrnt chnsrn tIy Fflixtlllov ●nd Krrvalev [ I ] for most tlf

Itll”lr frlMIL-SUrf*tlh LlmhtS. ~rol}!-surfarr tt’fils of Illgl:-thrrshold mntrrlals in alr arr
1)1 LI.11 p]ag IIi, Il Ily al r I!rrakdwhm MI ltlI, plll~r pr~lk Whil.11 rflrrtivrly prt.vi,l)lt. enrr~y in tilt,
1.111 of Ll)r pulse lrom ronrllluK thr Rurliltr. Ht. rfrtrrmini.11 11101 in mrasurinR rxil-~urfilit,

thrrshuldk, tile intrrfrrrn(tm of air np.irkri wah HOI ~lgnifirant whrll vIrw InK w LII LIIP whitr
11~1111 ml(rohlopr mrlllr-ttl. Prrvlously. ll~ydrll and I.ilwrma[l [S] Ihld loud Ilw, rxlt-suria(
Itlrrshi.ldh 0! d Kdrl window In v,ituum ●nd air ICI Iw t,xrirntl.11 ly Ihr hirmv, 5.7 i+nd S.4
.l/rm2, rrspr(.livvly.

“I’ll,, lrilll~lrrltlt)d lrmpnral-pulrir tPI’S!llldtlflll trtmiq,,l, (, I tlrli,lllll~ di,m:l~o Wil$ m,l t(,ll-
hI.ll. Ird hIIl I II ivnt Iy Mrnhit ivr ill llh, sr 1(. s1s will) Ii,rft(, ml I I Imrlrr-sl?r Ilt,,lm:oc I“llr’ 011,.1

Ill 1111- ddmi, yr hllf, h (mltro:lh In dlmnrlrr) Wilh judKrd mu~h 11)1) r4mmll1 III till IIk d xlgnll l!(llll

tI.111 11111IIf 1111’ pular cwwrgy.

1.Xil-!41111i11C, ri, tlwr lhalI f-x dnmilgr was of prlmdry Inti,rrfil III ltlt. hI, Slll,llv+ Sl,ltl,,
It,l It,w-ll),lt.x Phitl,ri,llh IIkf. N,III], lIIc. form,.1 ulmosl iilwdyfi (Jrrlirs fltsl llllh 111,1IvI,!

ll,,m IIw 111-ph.lhr dd(:llltui 01 tllv int idvnt ;Ind rol If. { Ird C,I PI t I it v~,ttt]r~ dl 111(, 11,.11
~lllld(.t, n~ lndlt. nlf, tl III Iiglllr, “1. ilnwvvrr, IIBI nnrnhll Ina. Idrntfs 01 J ct8ht’rtsnl I.ih,,l lu.nim
111,,,1) .1 windf,u lld\ IIIM Ijnr,ll II*I fillrf ,1(.v%, 1111, fill 1(, Ill tllr 1111111-l!l-ll,.ll -!.lll’ 1.1{ ,. llll!,:.lll ,111:.

[ In tfV/tm) is drprmlrIn I {III Ihr f hlckuvr.~ ;Id c.111 r,ln~v I IImI I Ii, II I I,] . Ihrll,ll,l l,, Ill

ttlt,ht, 11.:.1:. Ill!. billll(ni~ writ, III Irlltr,l %1111it lrl;t Iy 1,11 nt,rm,ll (hi, vrldl ill. ~lrr!!) Ill ]11,, -
1 111(11, Imlll 11111,-111,.111111111,rll.lt,lll 1, Ill It-l tk.

1, Ihm.tgr MI,IldM,:tIKy

“Illlt,,.lli,lil ddm,lfir 1111 1111. I,ml fiurl.lt,.% wdk III III,, Iillm III (1111, III ,1 fow :hdllt,h n,l(,,,-
]Illh, III 1110, II IIlr I (II kt,vi,l,ll ml( 111111,Illmlmf,la,t Illvoll Idlllv, ;1 :.1111.11,1111 mii II IYII.11 k b,l,.
,, :,;,,,, 1,11,.,1 will, ,.(, ,l, d,lli,,tp,, hit,, , 1,111 %I),llk:, ,11,1 an,a Ill .lI Illwl 1.1!. !.1 I 1111,111f,!. Wllll 1111

ill h! r! Illl,lt, fldmmly,l,. 1111h,mw. hIII 1.,,,.! , 1111. pl l:. Wl,ll, l.] I 1111II ,1] Iv Xll,lllf .11 Wllll 1111. Il,lly.

;IXI-!, 11,11,11 11-1 Ill lull 1!,11 hlrt, kl, ,

}\,lrlloIItr ill Itltc.htli,lil t14mCl~l, ill Ihr Itlllk w. :. Ill Illr i,,lm ill 11111,Ill d Irw 1 Illv 1,11111,1,.,
I 1,111.1111111): .11 I 1,1 dII II II JIIIIU.:.ll,lll alln 111:.II JIklfi 1. Illul,-milk!l,ll,,.!l,,ll !.IIIIIIP:. III II:,,:.,, l,ulk
:. I I r:. wrtr 11401ttml,lr.1 I.tl 111I191i IIll h WI I IIll):.

‘1 Inll,lrl,,,, ill Atl!.i, tlII,:l U.,li.,

Ill .111111111111 !11 !.1111 11.11,11 phlllllkl,lllll:o 11, l.!.l ,11,1 1!.11 1111, l-x
1111111 .11 ,111 111,1111,111.11 K,!(” I !, III tall l,, Kl!v,l II*V ,11111},1 , /ill 1,1... I I

Ill.!! .Itl:, a,tlnral WlIIC,l ,Irlrtmbllt,:. Ihlh ?,1111o11t. d.lm,lhtm lhl~”l.llllld h

!. 11.1111. ,!1 Ill l,xp,lllallll~ V.ll, !,l

F.1l\l],l.1 I I-II I 111,1I Ii!. f.a. l I 11,11
I 1, I I,,. f,, [ I,, wll, y 1.$’1,1,.11, 1.

II

:1

Ii

1,I

A!. ihr I; I,. vI I.11111f.1/1, W,lh V,ll 11.11 Ilvrl 1111, I Illwt. II l.’ 11! 1 1,’ mm I.rlllll!. , Ill!. I ,.
Illl(...ll ,1111,,1K,ll I II, V,9,Illlm W,lf. I ,Illf. 1,1111 ,11 !l, ” tl\ ‘.,ll~ (;, ,’ ,1/, ,,1:’1 “Illr 1!. !.1,.

b’~lt’ 1,,11111,11,.,1 ,1 111.1, Im, WI II, ,, I’,11 II,. 1,111:.I. ,, .,,.1 ,M,. Illlr. 1,. !.1111 W,l!. Illrl,
lrl Il,lllv pll.1llcl-.l I,v 1)11-II P!l ‘, 1111 1.11,11 hl)ln:. I.ll},,”l ttl,,ll 1111, ihl, t!llt”!,,. ,11

nll mlh1,11 IrIl W.lll. I f I Im Illlll,,lmlv nttr.a,flt!m.~ ntvf.1 till. hIIt l,Iur

“Ill- I h Ihlr.lht, l,l III, lrnhl,il Wllll I,lr:.hl.tr IIf Ihr ,In,lllr,ll ~.l!. “Illlf. W.1.! r.xl,rt 11.!1
It,., ,til!.r 1111. nll,,i k wdvo Vi, ll,l II Y 1,1 nll l.np,lllrllll~ W.llrl .,.lllt Ql 111,111 1,. It,lllll t-al .11
II IMIIIJI ,nmluirlml lIIr. hF.II Iru, dIII,l Il,vtr 13 .,11 Itmatr,,:. t.,1 f:~..lblvllt b III rlwa Ifa,tl ,,,1
11! .11111!.Wllll ll!.llll, ,1 1!.111 11 l,.!. ‘11,11.,, 11,1 1111 I 11..v,. llqm. Ill ,11 fill 1,11.1 ! 11111

.rV.l Idlll Ill. Ill I 111, 1,11,, I!v,l I,,NI,UII, ,1 hlK,l I-l o.lrtlmn, I!rl,l I*. tvr,nlllr,l

AI!PI n!, ,1111 1,,1 ,ll.ln,.tt I, I I.. r Ian II, IV!. ”111111lIaun ; .’ l,, I I ‘B .llu m;’ II’; 1.1’.!1 II*V

,111 N.i I I 1,1111,,, ,. wilt, till Ill I ,I! Ill rI, l), Itll, I tll!m ,Il!,],t Il,!l!l,l,,l, 11111!1,hllbhl-,llll 11!

Irllw..lhlll rmrlll .II ,( I ,,, ,,,1,1 ,.!, . 111 n V,lllll, 111 f! ‘u l!,m~ l’1 11,. V.llllr lrlqw,lll.11 11, 1,1,
d 1.IP. IIIV 1.1.811. II-VII n!. tlrle,lnlllll,ll :Ilml .1111111Ilol.11 Ill,! Iallllm hll .I..lltrmrtllh Ill, Ill I
m,, tll III. ht..lll%llll,l 11111Ill w,, !:/., Imlvrl !aIlllill .’I1 mllbllln !. w.11. lll,ll&nlr.O

F.,. v.lll. v #l Ill }-!I:IIIIllv [1,/1 ,!1,.,.,,,,.,1 Ifi, pr ,,,!,,.A,.C.,, ,,, 1!,,. I . I:,, i.%,11,111 III

fidl I Whrll l.!,- i! l,ldlm!vil ri! hill.ihlr!,hlllll f II IFSII II.,. IN ,111 I rl It,, I I Ii,,ml,v,.1 ill

VI II .11 I II, ,II*F.I,II,IIIE a ,,tllnmlll.1111 s., I.lla II fr.. W,llrl , Wmi:. II IUII, ,Ilril



III virw of Lhrmr imprlanl rrkullk rmrdurlrd wIllI Inng pulrif. m. Lhr prrmrnl ●tudy WI III
1.7-nn C(IZ puln9.h ●m aw,llvmlrd. TO IIIILII.L Ihr pnmlblr IIIIIUWIIII. of ddhurhrd HZO m NiIcl
nurf~rr thrrchuldu lhv 1III1OWIIIR Lwmlm wrrw corrdlllrd:

1. thrrmhnld v~rnum ●pmt m/r,

2. thrrmlmld of s t lrawd nm~lhtv wrhufi tImr IIf amnlrmi rqmnuIv, md
“1. Lhrrnhmld vrrmm Inlai waler rrmlrul.

5.1. Thrrnhnld vrrmk SpIIL $171,

}Inurr 6 •xlllhlt~ Lhr rmit-ml~f,icr IhIIIhhIIld mrm KU IIImPIILS of Imr k~..l WI IIIII, fI-I
qwlt-nizr rmdll frms 0.14 10 1.> M. Ttw. vrrtltfll Imrb 101 PaIh pI.1111 Irprl,mc,nl ttII.
lhrrblmld v.lrimtium ● t rnns thr mIm,Ilr ❑urlatr. Thrrrfr,rr, ltvt ●11]1.i IIIIW dl,IWllthlmlyh
lhr pI. IIlh I uuld aR wrll havr. Iv.1111 drawn 1101 i?nhl~l Iy, i .r. , 11{, Kpl.1 -xl #t. Ih.prlllll.l, t 1. W.1%

rvldrml . ~lmll~r H-~hUIPDPlllh [Ill IWII Illbl WllldCIWh dlh[l l@VrJ1l.11 1111ibflllltl. Iltillttlllhll, 1-

5.:. Ihlrnlll,ldflf d l.lrrlwll Sulfalr

Tllrhr trhlh hrIw prllltimrd IiII l}IP fIIIIIl nuIl,II a., Illhll,,ld (1I tb 11-,11 hill till 1- ,11. bo,lc.
,111 mltlttl l,f I,UI lPhih, hl,l,lllh F Il,ill-hlllf,lll. Irhlh bc.11. 11.,1

Imvrlh.

p.%%llllr .I1 Ilww- llIEII-lluvIII,
UIII.11 1111. I Iravril hurf,llr w,Ih III 11.IIli,l Jh llIr runt hIII1.Ii P, Illr. pllll Elll.11 [fllml 1

nurfclcv d. Im.IErIl I Ift.1 , Illrirl.} hhlf. tlllll~ 1111. 11.,11 hllli .111 1.1 Illlc 111.1 . I I.,11~ 1111. ll{.llhtll-.l

hdMllll.b JV,II 1,11111., II WJI. Ill-l l,,~%hlhl~ t,, ~,l,i.111. hilt 11. i.11 lI,l\ ! ll..lVIs, i hlllf.l,l. h tl.1 t-.,lh
1111111 41111 Irill

‘1.1 llIIrI.lIImlIl vrl huh 1111.11b, III, I Itmlrlil

TIIP pIPIrIIII. ISI 1111 ll-II.. III ~mll 1 Ih 11-llhlii.dtIyItlrm[kll.lt ii-l1..1II hlIc.1 I 1,11 nl~hl.11,
tinn prmk J! IHI mm, Ilw.11 lb II* 11.11111r.lyv [H.’ll. Ah hmwl III lIgu Ir ‘I, UhImIr b.IL ,1 bI+.
l.lll~r ill {Itl ~IUllFllll,ll Illllh [blllk I hllll,ll l.) flM..ll~ 1111. IF; t %I!l-l lMPllh klllhll t%’ lhl, Nt.Vl.l ,11
IFI 11111.p.h. 11:,1” h.lml,lr- ~,. I 11’t W.Il. lUlll!llhl.1* ~lllbll blltl J hll~ht b.lilcl Illhlf-llcl,lt 11,11
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I.1l,t.1 .Ilq, lt.h nlllq.1 ,1~,1 bv II, II LI,.IW Ill I.11,11. .’, WI. II*I! Ilw 1111. ,11,!.l.ll %11111, bllll lllr rllll

r.111I.l, r iillfihbld. II IL .IIqII, Iti Inlr It, Imml,nlr 11111 Irhullk fIII Ik t ll,~td ,111~1pill I%llr.1
bllld.rw% Rrpllllc.lv lllr I It.mfr,l WI I1.IIIW Sllh ~lWllr,l IMI 11.11111111 ,11 1 Ill 11111 11.lrr ,1 11.kl.l

ttll~-hll,. ld, blli ih~. 111.1Ihbd tl,llhtl,l~ h.lMlslC. Wli tl Vrl$’ lll~h ,Illh,l. h,llll r ,11 !11.11 I% tl,ld ,1

hlI@lllV t.l~hf,l ihliihtll Ill itl.111 till, 11~[. h,rml,lls blttl Ilk 1111 I Iwlrlll

1,1111P J N,II i r.#11 -111111,111 ihll.hht.ld VWII. II!. ,!tm%iIlhd IIIr ,11 Ih, Ilm
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!l .4. 1116[.11ss1[111

Illr nt,firn(r (II il npnt-~izv Ilrllrndellrv and IIIV Ilrcl IIIv of tt]r sllrlni.r thrrtitli,ld WI III
:iml, I{br tbl]r l.j-ns Itlilhrfi arf, Slali lal 1(1 Itlr rrhlllls UIIIJIIII .11by Klivillf. v and Fsllzl]l I(1V

11,;]. C{I~II.liIt if, n III lllr Ioto] (J]f- ioil tolitrnt (Itlilk I $IIIl,itrh} was ll[,t ils [onr’]usivr.
Ililtil,vr, . I)irvll (orrelnt ion ml Ltlr hur[ill.r at, Horl, ti(, n mt 18/ nm vit~l sllrfiirr t}l Irsllt,ld
I.’l.lllll 11.lvr 1,1,1.11 Ii{, tit, l . Illll[,rtlili,il(.ly, hurf ,11I. dll KIj Ipl 11111mrnsurrmt, ni s uf I lit, +c rrlh-

1 l\’lily Ltlill hmlml,lr~ w;lti ni~t H(.( om].1 ihflr il. Il{,wrvt. r , Lllv (IIM. t Iriir]v vJl id cnmpal isoll 01
Itllm Sill ttl(l- thrlm!.hl,lll~ 01 ttlls tWll ( Ivdvl.11 os[1 l,f’yfitill~ Wils Cllllslhlrlll wlltl illl!+lll’111 illll ill fi
!,111 I.lkl, lrlvvl of W,llf,r. “f%llh, lb rrNullh nf wr tlIrrr !I, hts d,) KIIIIpIIIt tlII. Ilypi,tlir:i]s
(11,11 surl.il(o dJm.IEP of N;I(II, ful I-IIS 1:():, pulhr+, rrsult~ II(M) 011- UII+OII,l Iiul.

0111 obsi, Iv,i I ion Ih, it mit rc]fil]nrkfi wi.rl, .lK.hill I,llfilf Wltll I Ills t 111s Ifil U1.lRlmS ] lf”h W.IS 11111

ulll, xprl I Ph. Al hill’1ill.1’ Ifl-fl-lth (hl r’fll itIr K, lllt!i (11 illl.luilf,lf pfll l~llili~ rrh itfur) Illt, IuI .11

1,11,1 1: I( f it,l~l I* rn!lillllr{f , ri,~llfl IIIg jIi t,drlv brriikil[,wn mt,:lt IIkr,ly ill tllv rxpntflnp
V.11,1,1 TIII, l,Ir*t,r:tr III Illr Ii, idlizotf f,idhm., k IJII+I,5 tItlcIl II*I 1,1- 11. I II*I I 11111;IIIII d m;lximl,m
Kl,lllllllI~-WJVf, f ll”]d t f ~.() .11 ttlli (,X11 hlllf;ll P, JIS II I.:. ( I 1111,11lIy lhIl ink I-l ,11, 1101. kcill Iy

d,urhluo, I N d Ii,Ilu I .I1 1 aInr41,qurIII r .

!-11 -111{ 11!.111):, Ah il I.111111 Itllll#ll Ill r,ll IV llfl-.lkllllh’fl Ill Itlli l.X1l Kill’ till{.!., L-,l:, .11!.11

!l!. sl. s1,1,11. As IIIi-IIoWI-,l III I] I!. AIIIIPIII] IX, 1111, m.l~nlludv III 1111!, tit II,(I III 1111. .IIIIIVII 11,:. Is
illlll lll!l !.!, V1.1 Ill 11, lfrr.1 I Illrd will! 111’gl Ixllllr.

fl . Sill fdtl- V1-lhll!, Ihl]k ‘ltlllihll(lllf!.

Ill Iilt, ll, ~, tlII, I,illk ,11111:,llrf.i! r III IIO,; II II III:. ~,f h’.II’l I Iy!. 1,1 l!, flt,m 111111 : 111111~S:. ,111,
I ,41111.111.,1 Ill Ilmll,llllllj’ 1111, 11%11,11 V.l!llr:., Itll. rllllallll V,lllrlll 1,1 1111. I, frlllll 111.111 .11 1111,
!,XII !!llll! 111, (11,(.111 ll~ll?r 1) w. I!. tmlk{.u 1111(1 .I(I 1111111. I I 1:. Ir,m,lfk,ll,lr 111,11 1111. h,im,.
v,, II II., .’, I tii”j’im, W.I!. (+1,1 II I!*II fllr I Ill. Illllh Illlc. !.11,.1,1 1!11 (,,1{ II Ilf 1111, I 1 I 1.! Illlrl. !:qll l.!.

Ilsfrll, ‘1Ill. 1.1! 1,, 1,1 1.X11 -!.lllf.ltr II* bilk 11111,!,lll ,111!. 1111 1111!.1, b’hi!, ,111,11 ,111,,111 !11{, S,Ill I.,,
,. ‘1 Ill 11,1111!. 1,1 111, 1111.111 I,ltirl I Ill f,lllr (.li(nl; ), 1,X1! hllll.ll l-l. Illllllill.11 Ilv 1.1,!,, (1,,,,1
mI.1 111111,.!.ll It, IV f,ll ,Il,lll,,nlm.ilc.l v ;ll l;. .I:. mii( II ,I!. II I,. lIIIlk (;l’l~ fi, t f :6111! $111 IJI I.!.)

I.11111. I I ,,11111,11 I .. ISII ,,1 t,lllk iIIIIl I. XII -:,111 fil, ,. Itlll,:.lllllll!. (If N,l{”l ! Illy. lf Ilv!, l Il..

!,,lnq, l!, Illllk !;111

H\’/ I 11, tlv

If,,l!,llolw 1. M Ill ),1 0 [], ,

!!1 #la kll,ll J’i, l

.11 1, ‘ II I*.
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II ( II .,.
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II 1.,
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;Il I ,“’,
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~,.,, , .. ,1~,1 ( 1111,’, I
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,11 I : 1,, Ilhll”l
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h.1,. yl, m-’ll 11, ,111 dlmll. .pllt.ll. ,1, ,11 ~1111. 11 lIJ.. lIr~UII I.llgv.r,.lr Il (1111111111llm~,,l d . v!.! I 111.11 1111.
Xi,, n,. 111,,. !,ll,. ., W,.11, t.l,lll ,1,.. ,11 ,11K,lll fl., -. Ill ] II*1 d 1.11111,111.11 VIII!! Ill Iv,ll I Ill I ,,1s,

.11 1(1 1, 111 r,) ,11, ,. 1,., It, , II I*I. I.llll.llll .,111*,111 fJl 11,1 1,1 I .“ ~ l!. 111,.111, II. *I 11,8111111,11.111111I ~1.11’ ,.



andlysls [12]. The remaindrr ml thr diffrrrncr ❑ay br ●rcounlrd for hy brrakdnwn in arg,,n

Ras at sorer unknnwn pr-s~urr ral}lrr than III bulk NaC1. TIIc, lhrrfihold nf this c]r=avpd SIIr-
farr was unrxprctrrf]y higfr raprcially considimring Lhdt tlIIm cryh’lal wiis grown, Llravd ad
cleisnrd in 1965, 14 y.. ara aRo!

Thrrt ● rr xrvrral rxplanntirrnri why thrrrtholds nf t.urf;lrrs tirr lowrr thah III !Ilr huln,
Fir6tly, thi, E-firld ●nll~nrrmrnl al the rxit-riurfalr rrtiull~ Ii] e.,rlirr diiftr,l~i. 11:1.Ic. than

]n rlthrr bulk or front allrftirr. Srrond]y, thr ~urf~cr rougtlllrsti prmlurrd IIY 11111l~hiug

rr:. .llts in r“llltlnrrd rlrr Lrir f it,ldx and Inrrrast,d ahsorpt ion, (Al l.fJtI pm, llou~r rI al.
[13] frJuIId thiit fUHtid silica surfn(r-tll,rsll,,lds (tfV/rm) wrrr invrrfit’ly prop’, rlic,nal Lo tilt,
htlllnrr mot 0[ tllr rms ruughnrss. ) T;:lrdlv, polibtlinp, physic,llly (I]rirwptx th[, t.rystillli!lc.
urrfrr Of d hllrfil(r lfiyrr, F’(,urltl]y, pol IS II IIIR rrqu,unds iIIId I]ilth ;IIr rmhi.(lllrfl ;IIIII Llr,III -

ing mt,l II(MIF ranntit ht. 1(M)% rf fort ivr. ~l!thly, JIdfil, f]llmd Rdhl, h, 1,. R. , 112(J, ill, S!, rl, 1111-
Idsc,r f=wrg:,. A ‘nol”]ltlt,ll 1!+ au~mrlltr,i by Surincim roll~tlllrsh UIIII rmlM’ddl-[l imlmlll Irh.

“I’.ll, ll, ~1. 1.1111.11111. *II-1,1(.1. Itlr’rh!lllllls ,If ( Ir,lvrll ;111(1pill I!,lll. d Nil(:l (Klll~ll .-l rv!:l., t 1.
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l. IIIIlr A - II. \ Itm A f+44 1.() I ,()(1 I .)
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,,
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1,01.
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Ill,. 111111 11,..1111 W,l!, Illlrnllr, I ,.11 I’rrvll!ll!, l,,, “Illlh 1.1 ,1: i 1111 h.111 II Ir:. C,IIt IOIl Ilr.1 III It IS
rVI,l I, III ,, III Irm,,vmbl III 11111111:.11111111,:l,ivt I fBII n pI, l I.. IIv. ‘ \! I !,111 1.1, r. llwll, \,..l,ll. I,v II,.,, Ill .111
Pll 11.1111 I!. t.l. I l~llln, 1,) I’I v!.llm.11,1~ , 1111. al !Ol,llllllfi Iml.111 II 1?,,. Wr.11. 111!. I 111,11, .!, 1!11 I II ,11,!1
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“Inlllv !1. l:nmparison III I,ulk lhrrsllo]ds 1,1 ~in~lr [rytil. il ti.1(”1 illl~l K(”l.

-11.til hulk III IP:, II(IIIISJ HV/cm
Sl!lll ( 1, (“1111(111ll~ll:; N,ll I Kt’1 ~illlll

Nil. - RAP d :,1 ! ().1 I,lltl ! O.(M [) .70

Ill I’rllilk’ - st~,iktjarpj,i il *’ I ? (1,:’ 0,71! ~ ().(11 O. 1;

II,, , SI,,IW - SIIII kl,.!l P,t,! II ;’ . I 1 ./,,, (1 . t,fl

“ .*I l,; II* (FMl!li. w [).1/, ml.

II
,hl (.11 - It)’, 11! [F~llYl, lI,illlallv mi,tll,-1(ilkr..l 11,1111, W ().01(, MM: 11,11,1 (If :;,11 1,.,11,

PI ,11. 11’!1.

‘ ,\l ,’()(1 11!, lt%w!ll, u :, I 11111,(1.11,1 ,$1 Il,ldlll 1,1 .11. I! fll.

A!. 1111, 1,%11 -!.111 1,1(1,:. 1,11.xl.11111111 11,,11 I Imlldllitll I(I lIIRh-IIIIWI. I I.1r.t’1 ,Ilq, lll.llllul; ., h’,
1.X11,11,1,.,1 III I :, 1,01111.1,: ..,, II . II 11111I?.hl, t[ kill 1,1, l-!, {II h(lttl ( Iy!,(,llt. Tlr !l. !,1111 :., I IKtl%l 1!1

1,11,11. l., I ,11,1 Illllr. 1(1 Khllw X.11”1 ,1$ Il,lv, lly, I Ilf, ,l.lv .1111;l}:r. [I+,,,x Ill,. n)p,,ll v, IIu,,:; 1,,, III,.

LI, l h 1,1 :.,Iml Ilr I. nn,,l!,lllv,l, J t IIIC.111v 1.11 11, Ill ().1, I W,l!! 0111.11111,11. “:111. t a,! rr..ll,,!l,llll~ 1 11,1,1
1,11 Ill If. 1111.11II. if), Wt, llll 1:1 11,1. I.,lnl,. ,Ih III;II II(II IVIIII Il{inl Ihv tll~lll,sl !vllk Vdllllt?. Ill
1,11111. ‘,.
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7.2. Discussion

Batird on argunrrnLs ihvolving medium polarizability and availnhlr rlrrtroms (in purr,
dr~rct-lrec Cryslals) LO cootribuLe LO an t?lertron ava]smche, ono would ●xpect thnt Lhe
damnRr thrrshuld (HV/cm) would scalr prqlort]onalr]y 10 atomic density divirfrd t,y nz - 1.
Such a rfrrivation waa obLained by drtLis FL ●l, [18]. The valu@rI uf (A.. I)ensity)/(n2-1)

Ior KcI and NtiCl at 10.59 pm are 0.28R and 0.362. TIII, ratio nf thesr valurR i~ 11.P.LI,
which is thw mamr ● q that obtainrd from tbr qwrirnenlal mratiurrmrnts. Using the data

Rrnrrdtrd by X’radin el al. []6], we constructed a pl(,l r’ Etli(~\’/rm) versus ttl~ ahov~
rxprckibion aa sm=n in figure 7. An ●xact linear relati nsh]p IS not ●xfwcted since snmr

of thr physical properties of the rryslals (impurilir.i, drfrrla, mrrhaniral ritrrn~lh,
mf,ll i;l~ point) arr not inclu.’ J in Lhr derivation or thr abscifisfi, Howrver, LIIIJ Rrnrriil

trenll i~ LIIVIWUS. Such ● tl<pcnrfencw has hrcri ot,srrvtid for cryr,ttils fiJ,d thin film m;itr-

rials M( nthrr vavelrngths, e.R., by Brttiti tml ●l. [lRj al 1.0(. pm and !Iy Nrhv,am nnd dill
11’1] dl Zhf) nm.

l’sinR Lht,ir rcccnL throry of clrctrnn avalanchr breakdnwn, Spfirks -i al. [?0] hnvr
rtmqnltrd hulk tt]rpsllolds fnr KC1 amd NuCI at 10.6 pm tu hr O.LI”I and O.R fll’/cm, II’XpIi I-
tivrly. Thrfir cumpuipd valuea arr ohvinu, ly too low iu liRhL of ?xl)rrimrnlal v,IIIIrri
prrsrnlrd hl.rr, but their rmlln, 0.8, i~ ill aRrermrnt with uur mt,asurrnwnls,

R. PulimwidLh lh,prnrtrnrr

‘ltll, rxil-xurfmrii tllrr~lmlrlh of srvrul riamplrs wrrr mrnsurr,l W’illl (,1] 2 3-II* IIIIIMI,S ;IS
wrl I iIs I’lr stl[, rt , 1.7-nk pulsrsidlh uhrd irtl ttlt. sliIIIflm I[l III Lhi% Irst proRr.lnl. Thr
smt, f,lh Lrml,i]r.+1 slrilctult. of lIIItl I pul~rfurrns i~ Hrr II ih f i~urt, I . DIIII to a (Ilffl’rrncr ill
till. l,ram tllvrrRrn!r of ttIr Iakrr ill LIIr long-pul~v mt,dr, d lnr~f.r spr,l-fiizr r;ldlul (1 ,4 mm)
w,lfi Ill;l(lvrrt,lnt Iy Mt.r.11. H(,wl.vrr , a~ (Irmnnst rllt. d I.iII I II*I. ill f igwrv 4, tht, tllrvsllljlds WI* II.
u~,l $p(,t -Kl;-r drprndrnl , sI, il dlrr( I c,tjmpnrl~on with 111(, 1 . l-nh rrxullx ( I .O-rism SIIII1 sIz I.1
W,IS dorml.(1 .+I]llr(,priiltr. TIIr rrsults for thrcr aamplrs nrr plIIt IIvl III Iiaurr H. CIIIISIS-
Lr,lll Iy, .1 FI riliRllL I inl, IIrnhvl Iirlwv,f,ll 1110 ddtn pointti rxtlll!ilrd a I 1/:1 f lurnlr drprndrn(, r.
t,, r ;I tI.s ,)thrlh;lml,lrs, II(IL plotlrtl 111.rI., a tiligtllly lr~r+-rnllld III( IrilHr wilt) pulkrwidlh
w;It. mr,b~lltr(l. SIII1.(. I illy ml, rt,sp;lrk~ wi.rf. gf. nrr;ll ly JhKIIl ,nlpd Will] tl,lm,l~r at ]%ol,rtrtl

klllliltr silf.ri, il is nul un(lrrst[l{](l w41y tllr ;Inl It.ipill rd 1 1 ‘2 111.111,11(11.111r (~i.nt,rill !y nssr~-
{ I,il I.d KI III di f lll~itlll }Irl)(t.firirh Kill.11 ;I:. pl,lrim,i l,) W;,* nnt t,l, rir. rvf. tl, j%,s~il.lr rx]!lnll;ll Il,lih

III(. 111111.I lIr I.lt 1, (II v; IIIt It rxptll]fii~)ll or lhr hli+f rpt Illi I II y (,f kuI I;II r !Irf rt 1:, .

11, SImsm ry

I It::t , rxil-l:litl;itf, dnmmgr, WIII III II II IIIX III 70% 111(, I IUrlllr Irvvl (1I rllt I,lll(r-!!lll 1.1[ !,
Ililln.lt:.. , b’.1:; rrl.nml 111,,1 Tllr,,sh[,ltlx III, I,, 7 .l/l m:’ wrrr mviiriclod lot IM II ihhrd *U I Ii{ rh
1(11111,1!,1 ,

III
[ lrJvrfl xurlntt.~ WI III ont. -qunrlrr nh mill. h ~llrlnt v II)IIglIIIrr.ti d,lm,l~r.[1 iIl IWII. r I Ilr,

1,.b’~1 Ill lM,ll!thlVl hllliillP,,, Inil lmr,il~urrmrtlt aflI.I lrn d,Ivk 111111111lhr nFlVaIIl;IEII 1(I 11. IVIO
[ll,)lll,{.ll III “,1)’1,, fit, ~pol-fiixv ilrprndrIIII. was ot,~rrvr{l 11,1 I,r;lm [Ilnmvlf.rx f ]I,m (1. I III .1 ~.
I ,Ir Ir la! irlll 111 Illr dnma Rr. nil.: {i. pli!);l Ily wIttl 1111. luIJI Ill)hlltpt 11,11 (Illllk * slirf,j(f.r.) ;11

Illr (Ill I(BII nl,~l)rpl Itltl Iliilltl ml IHI nm W.lr. nlIt lolnllv Iilnt Iu!. ivr. (Ivrl .111, Ilt,wrvri , 1111.
lr~lll l!. 1)1 Illt, rir rxl,t.t lmr.rltH nllppnl I tllr. Ilvp(!lllrsi+ I 1 ,/] Itlfll klli [il[r. ll:lnl.l~r Ir.: 11111, Il,,m
1)11 ,lIl!, f!llll 1,,11, I I.lllllt .11 W] ttl Hill f,ll 1, l,lll~tl Ill, hh

lh.~1 !ll#.1#, II. mutll It,f,m 11,1 IUIIBI twrnw.nt 01 t ht. dmbm;lpr I v% I al JIII r I*I lIIItlI N,I( I flIIIl K( I
11111fmll f,% Wil% ,lf.1~.tnlllltfl Ilum ,nmlt;!tnt Ivr mrnxlllrmr.tll~ 1,1 1111. I,lllk Illtr:, l,,, id!:.

fall.!!,
KMI! hill

wIllI l,trk?.llt :.lnlr.. IIl-llIc. -nil pi,li~li, (l~m;i~. II 111 11111V ‘1(1’A (It tlII. vlri I I 1, - I Irltl

Illlt. %lli,lil r,l Ihr. I,lllk, (II al OIII,J it ,10~, 11.vPI ill I rim:. III 1111lIIF. nl 1,1!.1,1 11111,111,. ( lflm~ml
}1, ! 1,11,.11 :.llllal f.!., !11!, Ililrfihttlfl:, nl IIlr rnll ! .11111 tlr Ilfi tllp,ll ;I1. )11~ n!, I 111. 1)11Ilr Irvrl
[ l/111~1 tllllllrt Wl,ll! ,,11 Illlll,!tr plrl,,ll.llic,ll KIII,IIIII t,l, llIr iII!.1 pl Ii,l Ilk.

A l~mrp:l! 11,,,11 I)f Ihr I,lllh mI,l sIItlm. r lhirnht,ltl% III KI. I nlltl NJI”I II II 1,1II IC. tl IIU 11111.10
vI. II Ii,, I!. ,sIIl,IIIIr Il ,1 f Irlil 1,11 II, (M1’/tm) III hll~ ill lnvi II Ill N.11 I Tlllf. l!. Ill ,l~lrvmrllt Wll II
thr,, tr,l II iIl II IPII II I II BII.. I.n..r,l IBII 11111 rl#.I lIa BII. ?v.Ilm IIIIr mr(li,llllr,nl. }111.lllv, J pill:.1%111111



drp=ndcnce of L1~g war, measurrd for ● f~w EampleE of both ❑ateriala from 1.7 to 65 ns,
which wafi leas than thr ●nLicipatrd tllz dependenrr.
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Appendix

Pfeastirement of f.he cxlrlnsir damage thresholds Of NaC1 and KC] ulth larg(. l~~f”r ~,c~m’
(w= O.141mrr for thp hulk; 0.14 10 l.Srnm for surfaces) rrqu,rcd suhslanl, al ,II:IJI pc~w(’r~.

At these power levels, intcrrslfiration of the lasrr rad]a~io[l ‘)y Self-focusllly. Ild, : to he
carpfully evaluated. Our analysls of LhS’ magniturir’ of scli-iorusIIIg In th(. prrsrn[ l~”sts

included contributions from both fasl (electronic) and translei]l (r-lrr[r(,sLr]cL IVCJ 111,11-
lil,rar mechanisms. For the lasrr parameters and samplr dimensions IIscd Lihts ( <bmpul l,.!

no[ll]ncar intensification was of neg, liglhle ❑aEni Lulle as wr now rrvirw.

Fnr a g.+uss ian beam, t.hr cri Ljc~l pow(. r 10; ma]ntainlng a COn5L.. ~l SI1:II,I !!. $!.~,vll hv

Lht- famillar expression

(1)
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“Short-Pulse Co:-Laser DdMEiCJt?Studies of NaCl and KC I Windows”

Newnam/Nowak/Gi 11

Figures

Figure 1. Osci!lograms of CO; laser
pulsefonns.

Figure 2. Schematic of C02 la~cr damage facility and associated diagnostics.

Figure 3. E;ectric-field vectors of a
linearly-polarized laser beam at front
and rear surfaces of a transparent
dielectric.

Figure 4. Exit-surface damage threshold of a single-crystal NaCl versus COl,-laser
spot-size radius.

Figure 5. Ultraviolet absorbance for
several NaCl windows with the OH- ion
band tit 187 nm indicated. See tahl[? 1
for SrPSIS thicknesses.

Figure 6. KC1 absorption at 10.6 11111

versus thickness of’polished surface
rw,tuvcd. At”ter”(urk et al. [14]

Figure 7. Bulk electric-field brc!dkli.lwl:
tht”cshulds at 10.G ;l~v~rsus atomic
clun5ity/(n:- 1) for dlkali hdlide
cryst~ls rulativc to N,IC1 (’LI.92MV/cm).
Ihltafrom ~rddin ct.nl. [1(1].

riqut-c8. ~xit-s~rftlcr ddmaqr thrrs!lold vrrsu~ C(l: 1,~’;i’rI]uls(’widttlfor N,ICI tIII(l KCI.



1,7-NS PULSE

0,5 NS PER DIVISION

65-Ns PULSE

20 NS PER DIVIS1ON
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LASER PREC!SIONMETER

ZnSe LENS, f =1m

OSCILLOSCOPE
LASL-5GHZ

OR ?Hf)T~N

CtIF2 ZnSe EYE SAMPLEDRAG
cETECTOR

AL
SCIENTECFI CALORIMETER

C02 LASER DAMAGC TEST FACILITY
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